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INTRODUCTION 

The increased  c o s t  o f  n a t u r a l  gas and the  h igh  c o s t  of f u e l  o i l  have inc reased  
the  importance of Texas l i g n i t e  a s  a p o t e n t i a l  source  of chemicals and a s  a f u e l  
f o r  genera t ing  e l e c t r i c i t y .  The l i g n i t e  resource  i n  Texas has  been es t imated  (1) 
as 10  b i l l i o n  tons  a t  depths  less than  200 f e e t  and 100 b i l l i o n  tons  a t  depths  of 200 
t o  5000 f e e t .  The sha l low b a s i n  l i g n i t e  can be recovered by s t r i p  mining but  t h e  
deep bas in  l i g n i t e  w i l l  probably have t o  be  recovered by in situ mining methods. 
situ l i q u e f a c t i o n  and comminution have cons iderable  p o t e n t i a l  f o r  recover ing  deep 
bas in  l i g n i t e  (2,3,4).  

In 

I n  o rde r  t o  eva lua te  the  p o t e n t i a l  of underground l i q u e f a c t i o n ,  au toc lave  ex- 
periments have been conducted a t  p re s su res  of 500 t o  5000 p s i  and temperatures of 
650 t o  800'F. The charge t o  t h e  au toc lave  has  been c y l i n d e r i c a l  co res ,  1 1/2 i nch  in  
diameter and 3 t o  5 inches  long, hydrogen, helium and hydrogen donor so lven t s .  In 
order  t o  g a i n  i n s i g h t  i n t o  the  r e a c t i o n  mechanisms under ly ing  t h e  conversion process ,  
the  l i q u i d  and gas  products  have been analyzed by use of s e v e r a l  methods. Generally,  
coal-derived l i q u i d s  have been cha rac t e r i zed  a f t e r  s epa ra t ing  d i f f e r e n t  s p e c i e s  by 
use of so lven t s  w i th  d i f f e r e n t  chemical a f f i n i t i e s  (5 ,6 ) .  Since t h e  composition of the 
l i g n i t e  der ived  f l u i d s  a r e  less complex compared t o  o t h e r  coal-derived l i q u i d s ,  an 
a n a l y t i c a l  procedure based on b o i l i n g  po in t s  of t he  components i s  used. 

EXPERIMENTAL 

Three Gow-Mac gas  chromatographs, Model 69-550, wi th  thermal conduct iv i ty  
* d e t e c t o r s  w e r e  used f o r  simultaneous a n a l y s i s  of gases and l i qu ids .  The oven temper- 

a t u r e s  were manually programmed. Commercially a v a i l a b l e  helium is used as c a r r i e r  
gas. 
s t a i n l e s s  steel column) and through a h igh  capac i ty  p u r i f i e r  (Supelco Carrier G a s  
P u r i f i e r )  t o  remove t h e  t r a c e s  of oxygen and water.  The gas chromatographs accept  
only 1/4" columns wi th  a maximum length  o f  10 f t .  Samples were i n j e c t e d  d i r e c t l y  in -  
t o  the  column t o  avoid t h e  recovery lo s s  i n  t h e  i n j e c t i o n  po r t .  The products  from 
l i g n i t e  l i q u e f a c t i o n  experiments,  which w e r e  analysed by gas chromatography can be  
c l a s s i f i e d  as f o l l o y :  (a.)  gases ;  (b.) low b o i l i n g  po in t  l i q u i d s  ( b o i l s  below 
100°C); (c.) high b o i l i n g  po in t  l i q u i d s  ( b o i l s  above 100OC). 

Helium is  p u r i f i e d  by pass ing  i t  through molecular s e i v e  5 A  ( 3  f t .  X 1 1/2" O.D. 

Porapak N w a s  used f o r  i d e n t i f y i n g  methane, carbon d ioxide ,  e thy lene ,  e thane ,  
hydrogen s u l f i d e ,  propane, water, i sobutane  and n-butane. Af t e r  an i n i t i a l  1 min. 
ho ld  a t  25"C,  a shotgun temperature program - 25°C t o  140°C a t  a rate of 15  t o  20°C 
pe r  min. - was used t o  g e t  e x c e l l e n t  s epa ra t ions .  
hydrogen, carbon monoxide, oxygen and n i t rogen  from the  gas samples a t  room temper- 
a ture .  Porapak S a l s o  gave a sepa ra t ion  s i m i l a r  t o  Porapak N bu t  d i d  no t  s epa ra t e  
propane and water under i d e n t i c a l  condi t ions .  
(max. temp. 250°C VS. 190°C f o r  Porapak N) favored i t  as a choice f o r  a few samples. 

Durapak n-octane 
on po rac i l  C i s  good f o r  s epa ra t ing  a l i p h a t i c  components whi le  Durapak OPN on p o r a c i l  
C s epa ra t e s  t he  a romat ic  compounds. The sample i s  run on both  columns s imul taneous ly  
under i d e n t i c a l  condi t ions .  

Molecular Sieve 5 A  could s e p a r a t e  

The thermal s t a b i l i t y  of Porapak S 

The low b o i l i n g  l i q u i d s  w e r e  separa ted  on two Durapak columns. 

A shotgun temperature program from 25 t o  15OoC gave 
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f a i r l y  good sepa ra t ion  of t h e  components. 

The high b o i l i n g  p o i n t  l i q u i d s  con ta in  n o n v i l a t i l e  components a s  w e l l  a s  l i g n i t e  

The subl imator  c o n s i s t s  of t w o  
fragments which may d e p o s i t  on t h e  columns. 
b o i l i n g  po in t  range by u s i n g  a f r a c t i o n a l  sublimator.  
concen t r i c  g l a s s  tubes.  The o u t e r  tube holds the  sample and t h e  inne r  tube contains  
a coo lan t ,  l i k e  l i q u i d  n i t r o g e n  o r  dry ice-acetone mixture.  The space between t h e  
tubes is evacuated while  t he  o u t e r  tube i s  heated by a j a c k e t  type furnace.  The 
temperature of t h e  furnace i s  con t ro l l ed  by a Thermolyne p ropor t iona l  temperature con- 
t r o l l e r .  The sample temperature  i s  recorded on a s t r i p  c h a r t  recorder .  The sample 
evaporates  and depos i t s  on t he  ou t s ide  of t he  inner tube ( l i q u i d  n i t r o g e n  cold f i n g e r ) .  
The sample temperature and the degree of  vacuum c o n t r o l s  t h e  v o l a t i l i t y  of t he  f r a c t i o n s  
deposited.  

The samples were cleaned t o  get  t h e  des i r ed  

The clean samples from t h e  subl imator  were analysed using f i v e  d i f f e r e n t  8 f t .  
columns with packings t h a t  can withstand column temperatures  w e l l  above 300°C without  
appreciable  bleeding. The column temperature was programmed from 80°C t o  28OOC a t  
a r a t e  of  1.5 t o  2'C per  minute. The same sample was analysed wi th  d i f f e r e n t  columns 
under i d e n t i c a l  cond i t ions .  A hydrocarbon s tandard of n-alkanes ranging from C 1 o  t o  C36 
a long wi th  p r i s t a n e  and phytane w a s  used t o  q u a l i t a t i v e l y  i d e n t i f y  the  b o i l i n g  po in t  
range of t he  components s epa ra t ed  on d i f f e r e n t  columns. 

Detai led a n a l y s i s  o f  the l i g n i t e  der ived products  were done on GC-MS. The 

The gas 
apparatus  mainly c o n s i s t s  of a Hewlett-Packard 5710A Gas Chromatograph. A 59808 
Mass Spectrometer,  a 59478 Multi  Ion Detector  and a 5933A Data System. 
chromatograph is ab le  t o  accept  packed columns a s  w e l l  a s  g l a s s  c a p i l l a r y  columns. 
A 30 f t .  X 1/8" s t a i n l e s s  s t e e l  column packed wi th  3% OV 1 0 1  on 80/100 mesh 
Chromosorb W-€IF' and a 30 M g l a s s  c a p i l l a r y  coated with OV 101 w e r e  used f o r  most of 
the GC-MS s tud ie s .  OV 101 is a me thy l s i l i cone  polymer s i m i l a r  t o  the  SP 2100 used 
i n  t h e  Gow-Mac gas  chromatographs. The hydrocarbon s tandard w a s  used t o  determine 
the b o i l i n g  po in t  range of t h e  components a s  w e l l  a s  t h e  fragmentation p a t t e r n  of 
t he  n-alkane s e r i e s .  

The proton nmr s p e c t r a  of  t h e  samples dissolved i n  CDC13 w e r e  taken on a Varian 
J E O L  PS-100-PFT w a s  used f o r  scanning C I 3  nmr s p e c t r a  of 

Samples used f o r  t hese  s t u d i e s  were n o t  sublimated. The samples, 
T-60 nmr spectrometer.  
samples i n  CDC13. 
t he re fo re ,  contained h i g h  molecular weight spec ie s  as w e l l  as minute suspended 
p a r t i c l e s .  

RESULTS AND DISCUSSION 

The gaseous products  from d i f f e r e n t  l i g n i t e  l i q u e f a c t i o n  experiments were 
composed of the same components b u t  t h e  composition v a r i e d  depending on the  exper- 
imental  condi t ions and the l i g n i t e  sample cores  used. The gaseous components were 
i d e n t i f i e d  using known s t anda rds  and s imple chemimcal tests. Figure 1 is a t y p i c a l  
gas  chromatogram f o r  t h e  gas sample obtained during t h e  hydrogenatibn o f  wet Texas 
l i g n i t e .  Carbon dioxide i s  the major component. Hydrogen s u l f i d e  is p resen t  i n  
an appreciable  concentrat ion.  
removed from t h e  gaseous mixture,  t he  product has  a composition comparable t o  
commercial n a t u r a l  gas con ta in ing  a series of low molecular weight hydrocarbons with 
methane i n  l a r g e  proport ion.  

Once both carbon dioxide and hydrogen s u l f i d e  w e r e  

Texas l i g n i t e  i s  a l o w  grade coa l  (8000 BTU per  pound) with a high oxygen content 
(up t o  30% of d ry  weight)  and about a medium l e v e l  of s u l f u r  r e s idues  (near ly  2% of 
dry weight) .  Most of the carbon dioxide r ep resen t s  a major po r t ion  of t he  chemically 
bound oxygen i n  l i g n i t e  which may e x i s t  as ca rboxy l i c  groups. 
could b e  l i b e r a t e d  from t h e  s u l f h y d r y l  groups ( t h i o l s ,  s u l f i d e s ,  d i s u l f i d e s  and 
che la t ed  s u l f u r  r e s idues )  and elemental  s u l f u r  ( a t  least a s m a l l  f r a c t i o n )  i n  t h e  
lignite. 

Hydrogen s u l f i d e  
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The l ign i t e -de r ived  l i q u i d  obtained i n  t h i s  work i s  less complex than t h e  
bituminous coal-derived l i q u i d .  The l i gn i t e -de r ived  l i q u i d  was divided i n t o  low 
b o i l i n g  l i q u i d  and high b o i l i n g  l i q u i d  i n  o rde r  t o  use two Durapak columns which 
have an upper temperature l i m i t  of about 15OoC f o r  t h e  sepa ra t ion  of aromatic  and 
a l i p h a t i c  compounds. 
could be separated on any of t he  f i v e  columns used f o r  high b o i l i n g  l i q u i d  b u t  t h e  
Durapak columns gave a much b e t t e r  r e s o l u t i o n  f o r  t he  low bo i l ing  po in t  l i q u i d .  

As  a ma t t e r  of f a c t  both t h e  low and high b o i l i n g  p o i n t  l i q u i d s  

The low-boiling l i q u i d  i s  a c l e a r  c o l o r l e s s  l i q u i d  which t u r n s  dark and cloudy 
on exposure t o  a i r  a t  room temperature f o r  a few hours.  Figure 2 shows t h e  t o t a l  ion 
monitor chromatogram of t h e  l i q u i d  using a 30 f t .  1/8" column packed wi th  3% OV 1 0 1  
on Chromosorb W-AP. 
g ives  an overview of t h e  general  na tu re  of t he  most common chemical s p e c i e s  p re sen t  
i n  t h e  low-boiling l i q u i d .  A l ipha t i c  hydrocarbons, a lky la t ed  aromatics ,  fu rans  and 
small  amounts of thiophenes c o n s t i t u t e  t h e  bu lk  of t h e  sample. The m a s s  s p e c t r a  of  
these components c l e a r l y  i n d i c a t e  t h e  substance type,  however, i n  cases  where two o r  
more hydrogen atoms have been s u b s t i t u t e d  by a l k y l  groups, a l a r g e  number of d i f f e r e n t  
p a t t e r n s  i s  possible .  
and so  the  i d e n t i f i c a t i o n  has been done by using known standards o r  using i n d i v i d u a l  
b o i l i n g  po in t  range. A l l  the  poss ib l e  isomers of some a lky la t ed  spec ie s  are iden t i f i ed .  

Table 1 summarizes t h e  i d e n t i f i c a t i o n  of major components and 

The mass spec t r a  of some of t hese  isomers a r e  q u i t e  s i m i l a r  

Table 1. I d e n t i f i G t i o n  of Major Componenp i n  t h e  Low Boil ing Liquids  

Peak No. Compound Peak No. Compound 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
14 
15 
16 
17 
18  

Acetone 
1,l-Dime thylcyclopropane 
C6H12 
Ethylmethylketone 
Hexane 
Methylcyclopentane 
1-Methylcyclopentene 
Pentane-2-one 
Heptene 
2,4-Dimethylpentadiene 
Dimethylcyclopentene 
Hep t ene  
C7H12 
Toluene 
2-Isopropylfuran 
C8H12 
Isopropylfuran 
1-Ethylcyclohexene 

19 
20 
21 
22 
23 
24 
25 
26 
27 

28 
29 
30 
31 
32 
33 
34 
35 
36 

Ethylbenzene 
Xylenes 
2,3-Dimethylthiophene 

2-Methyl 5-propylfuran 
Cumene 

t-Butylcyclohexanone 
p-Ethyltoluene + 
t r imethyl thiophene 
Trimethylthiophene 
Trimethylthiophene ( i so . )  
C3-Alkylbenzene 
n-decane 
Tetramethylbenzene 
Cyclopropylbenzene 
Tetramethylthiophene 
Cq-Alkylthiophene 
'llH24 

C9H20 

ClOH22 

High boi l ing-point  l i q u i d  was cleaned using a f r a c t i o n a l  subl imator  p r i o r  t o  
gas chromatographic ana lys i s .  The r e s idue  from subl imat ion was about  20 t o  40% of 
the charge t o  t h e  subl imator .  The sample was sublimated t o  l i m i t  t h e  boi l ing-point  
range of t he  sample s o  t h a t  t h e  column temperature could be s e t  f o r  an upper l i m i t  
of 28OoC. Column bleeding w a s  t h e  major problem in GC-MS s tud ie s .  Figure 3 shows 
the chromatogram of a sublimated sample and Table 2 l is t  a l l  the components i d e n t i f i e d .  
The same sample was sepa ra t ed  on a Dexsi l  300 GC column (Figure 4 ) .  Comparing t h e  
chromatogram of t h e  same sample on f i v e  d i f f e r e n t  column helps  t o  r e so lve  some 
components which may n o t  s e p a r a t e  on a p a r t i c u l a r  column under i d e n t i c a l  condi t ions.  
For the  GC-MS a n a l y s i s  a 30 f t .  x 1/8"  s t a i n l e s s  s t e e l  column packed w i t h  3% OV 101  
on 80/100 mesh Chromosorb W-HP gave a b e t t e r  a n a l y s i s  than a 30M g l a s s  c a p i l l a r y  
column coated with OV 101  under s i m i l a r  condi t ions.  

The Dexsil  300 GC column sepa ra t ed  components i n t o  sharper  symmetrical  peaks 
in  a s h o r t e r  t i m e  compared t o  o t h e r  columns. 
a sample containing naphthalene and te t rahydronaphthalene i s  used on f i v e  d i f f e r e n t  

SP 2250 is  t h e  s lowest  of  a l l .  When 

33 



columns, SP 2250 gave the b e s t  s epa ra t ion  while  SP 2100 gave no sepa ra t ion .  The 
e f f i c i e n c y  of s e p a r a t i o n  i n  decreasing order  can be  l i s t e d  a s  follows: SP 2250, 
Dexsil  410 GC, Dexsi l  400 GC, Dexsi l  300 GC and SP 2100. The bulk of t h e  high- 
boi l ing-point  l i q u i d  sample c o n s i s t s  of s a t u r a t e d  hydrocarbons mostly n-alkanes 
ranging from C10 t o  c36 d i s t r i b u t e d  over t h e  e n t i r e  b o i l i n g  point  range. 
spec ie s  were predominantly a lky la t ed  phenols,  benzenes, indenes,  hydrogenated indenes 
and naphthalenes.  Aromatic hydrocarbons containing t h r e e  or more r i n g s  were n o t  
de t ec t ed  i n  the  subl imated sample. The n-alkanes a r e  n o t  d i s t r i b u t e d  p ropor t iona te ly  
throughout the s e r i e s ,  though n o t  a s i n g l e  member i s  missing. Unusually l a r g e  
enrichment occures a t  Cl0, C 1 7  and CZ7. Mass s p e c t r a l  d a t a  of t hese  higher  members 
i s  n o t  good enough t o  d i s t i n g u i s h  between a n-alkane and a s l i g h t l y  branched alkane 
of a higher  molecular weight.  
t o  branched alkanes wi th  more than 17 carbon atoms, namely p r i s t a n e ,  a branched C 1 g  
alkane. P r i s t ane  i s  de r ived  from t h e  phytol  r e s idues  of  chlorophyl l  (7). The 
hydrogenation products  o f  o the r  d i t e rpene  r e s idues  i n  l i g n i t e  may a l s o  con t r ibu te  to  
peaks i n  the range of C17 through C1g. 
hydrogenation of t r i t e r p e n e  type r e s idues  may be r e spons ib l e  f o r  t h e  n-C27 alkane peak 
enhancement. 

The aromatic  

The peak assigned t o  n-C17 alkane may a l s o  be assigned 

The branched C30 alkanes obtained by t h e  

Table 2. I d e n t i f i c a t i o n  of Major Components i n  t h e  High Boil ing Liquids  

Peak No. 

1 
2 

3 
4 
5 
6 
7 
8 
9 

1 0  

11 

12 
13  
14 
1 5  
16 
17  
18  

19 
20 
21  
22 
23 

Compound Peak No. 

Phenol 24 
1-Ethyl-3-methylbenzene 25 
p lus  Decane 26 
o-Cresol 
p-Cresol 27 
n-Undecane p l u s  methylcresol  
o-Ethylphenol 28 

p-Ethylpheno 1 
p- Cymene 30 
C12H26 p lus  1,3-Dimethyl- 
indan 31 
n-Dodecane p lus  2-Methyl-6- 32 

2,6-Dimethylphenol 29 

ethylphenol  33 
3-Methyl-6-ethylphenol 34 
C12H16 35 
3-Methyl-6-ethylphenol 36 
C13H28 p lus  1,6-Dimethylindan 37 
1,2-Dimethylindan 38 
n-Tridecane 39 
CllHifj(Methy1ated benzene)plus 40 
C14H30 41 
n-Tetradecane $2 
D i m e  thylnaph tha l ene  43 
2,3-Dimethylnaphthalene 44 

45 
46 
47 

C15H32 
n-Pentadecane 

Compound 

Pentamethylindan 
C6-Alkylindan 
Trime thylnaphtha- 
l e n e  ( i so . )  
C16H-34 p lus  Trimethyl- 
nahthalene ( i so . )  
n-Hexadecane 
Diethyl  methylnaphtha- 
l e n e  
C17H-36 p lus  Tetra- 
methylnaphthalene 
n-Heptadecane 
Alkylated naphthalene 
C18H38 
n-Octadecane 
%gH40 
C19H40 

n-Nonadecane 
n-Eicosane 
n-Heneicosane 
n-Docosane 
n-Tricosane 
n- Tetracosane 
n-Pentacosane 
n-Hexacosane 
n-Hepacosane 
n-Octacosane 

C19H40 

The high b o i l i n g  l i q u i d  i s  composed of spec ie s  with a very wide range of b o i l i n g  
points .  
end. A ca re fu l  examination of Table 2 r evea l s  t h a t  f r a c t i o n a l  d i s t i l l a t i o n  o r  
subl imat ion can be  e f f e c t i v e l y  used t o  sepa ra t e  t h e  high b o i l i n g  l i q u i d  i n t o  sepa ra t e  
f r a c t i o n s  enriched with phenols (180-230°C), aromatic  hydrocarbons (230-3OO0C) and 
alkanes (300-5OO0C).' S i m i l a r l y  the  low bo i l ing  l i q u i d s  can a l s o  be f r a c t i o n a t e d  i n t o  

S t a r t i n g  with phenol (181'C) a t  t h e  low end and n-C36H74 (497'C) at t h e  upper 
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enr iched  samples. 
concent ra ted  i n  these  f r a c t i o n s  and can  b e  i d e n t i f i e d  by use  of GC and GC-MS. 

The minor components o f  t h e  h igh  and low b o i l i n g  l i q u i d s  a r e  

The pro ton  nmr s p e c t r a  show t h e  d i s t r i b u t i o n  of chemica l ly  bound hydrogen among 

The s p e c t r a  g ive  only  a very  q u a l i t a t i v e  
t h e  aromatic r ings ,  a l i p h a t i c  cha ins  and o the r  carbon atoms wi th  vary ing  chemical 
s h i f t s  due t o  d i f f e r e n t  func t iona l  groups. 
p i c t u r e  about t h e  chemical n a t u r e  of t h e  numerous components p re sen t  i n  t h e  lignite 
der ived  products.  
moie t ies  i n  t h e  sample could be  a t tempted  wi th  reasonable  success .  

An approximate e s t ima t ion  of t h e  a romat ic  and t h e  a l i p h a t i c  

Due t o  t h e  h igh  r e so lu t ion  power of t h e  C 1 3  nmr spec t roscopy a cumulative 
es t imat ion  of a sample conta in ing  many components may r e s u l t  i n  t h e  d isappearance  of 
a l a r g e  number of C13 absorp t ions  i n  t h e  noise .  
absorp t ion  peaks r ep resen t ing  carbon c e n t e r s  wi th  nea r ly  i d e n t i c a l  chemical s h i f t s .  
Each narrow peak i s  formed by summing u 
s i m i l a r  bu t  d i f f e r e n t  compounds. The Cp3 nmr s p e c t r a  of a non subl imated  high- 
b o i l i n g  l i q u i d  der ived  from hydrogenated l ign i te  has  about t en  major absorp t ion  
peaks. 
(110-130 ppm) and seven i n  the  a l i p h a t i c  reg ion  (10-40 ppm). The peak a t  14.19 
ppm could be due t o  te rmina l  methyl groups o f  s a t u r a t e d  long  cha in  hydrocarbons. The 
in t ense  absorp t ion  a t  29.91 ppm is  due to methylene groups i n  t h e  middle reg ions  
of one o r  more long  cha in  s a t u r a t e d  dydrocarbon compounds. Re la t ive ly  very  l a r g e  
a r e a  of t h e  peak a t  14.19 ppm sugges ts  t h a t  n-alkanes are t h e  bu lk  s p e c i e s  i n  the 
l i g n i t e  der ived  f l u i d s .  
a lkanes  are due t o  s t r a i g h t  cha in  r a t h e r  than branched hydrocarbons. 

The sample s p e c t r a  w i l l  show few nmr 

t h e  nmr absorp t ions  o f  C 1 3  carbons from 

These peaks a r e  l i s t e d  i n  Table 3. Three peaks are i n  t h e  a romat ic  r eg ion  

The C13 nmr s t u d i e s  a l s o  show t h a t  most of t h e  GC peaks of 
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Table 3. C 1 3  NMR Data o f  Products  from Hydrogenated L i g n i t e  

Peak No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  

Chemical S h i f t  ppm 

14.19 
19.77 

29.53 
29.91 
32.10 
37.64 

115.54 
128.37 
129.57 

22.84 

Peak Height ( re1)  

7.16 
6.62 

11.07 
20.94 

122.68 
11.77 

5.72 
6.22 
8: 95 
7.67 

Peak Area(re1) 

22 .17  
27.30 

65.52 
603.50 

42.25 
25.24 
10.52 
57. 72 
22.30 

38.04 
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Fig. 1. G a s  c'hromatogram of  Texas l i g n i t e  der ived  gas. 
Condi t ions :  s t a i n l e s s  s t e e l  column, 5 f t  x 114" O.D. packed 
wi th  80/100 Porapak N; c a r r i e r  gas  (helium) flow r a t e :  60 m l /  
min; temperature program: 25C (1 min.) ,  25-14OoC a t  15-20°/min. 

I i i4  
20 

I I I I 

27 

I I I I I I I I 1 I 
15 20 

I 

Fig. 2 .  T o t a l  i o n  c u r r e n t  monitor chromatogram of l o w  boiling 
l i q u i d .  Conditions:  s t a i n l e s s  steel column, 30 f t  x 1/8" O.D. 
packed wi th  3% OV 101  on 80/100 Chromosorb W-HP; carrier gas 
(helium flow rate: 20 mllmin; temperature program: 75-200°C 
a t  2O/min. For i d e n t i f i c a t i o n  of peaks see  Table 1. 
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Fig. 3. Gas chromatogram o f  h igh  b o i l i n g  l i q u i d .  Conditions:  s t a i n l e s s  
steel, 8 f t  x 1/4" O.D. packed wi th  10% SP 2100 on 100/120 supelcopor t ;  
carrier gas (helium) flow rate: 60 ml/min; temperature program: 100- 
250°C a t  Z/min. For i d e n t i f i c a t i o n  o f  peaks see Table 2. 
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Fig. 4.  High b o i l i n g  l i q u i d  separa ted  on a 3% Dexsi l  column. Column s i z e  
and condi t ions  are s i m i l a r  t o  t hose  o f  Figure 3 .  For i d e n t i f i c a t i o n  of 
peaks see Table 2.  
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